Introduction {#S0001}
============

Sickle cell disease (SCD) is a lifelong genetic disease that affects hemoglobin synthesis, causing erythrocytes to become rigid and form a sickle-like shape upon deoxygenation.[@CIT0001] It is also characterized by recurrent vaso-occlusion that involves multicellular adhesions between multiple blood cells, as well as progressive vascular and organ damage.[@CIT0002]--[@CIT0004] In the United States (US), SCD is the most common inherited blood disorder, affecting approximately 100,000 patients, and an additional 3.5 million have the sickle cell trait.[@CIT0001] The population of adult patients with SCD is growing due to early diagnosis of the disease and improved quality of patient care. Most children with sickle cell anemia (94%) and nearly all children with milder forms of SCD (98%) survive to adulthood.[@CIT0005]

The majority of patients with SCD experience sickle cell pain crises, also known as vaso-occlusive crises (VOC), and as many as 30% of patients experience chronic pain.[@CIT0006],[@CIT0007] VOCs, the hallmark of SCD, are severe painful events that result in frequent emergency department (ED) visits and hospitalizations.[@CIT0008] They are also associated with increased mortality and diminished health-related quality of life (HRQL).[@CIT0009] In addition, other complications of SCD, such as acute chest syndrome (ACS), hepatic/splenic sequestration, stroke, and long-term end-organ damage, which require intensive healthcare resource utilization (HCRU), are thought to contribute to the decrease in quality of life.[@CIT0010],[@CIT0011]

The only known cure for SCD is bone marrow transplant which only few patients qualify for.[@CIT0012] As a result, the mainstay of treatment for SCD over the last 30 years has been erythrocyte transfusions and hydroxyurea. More recently, the US Food and Drug Administration (FDA) approved L-glutamine oral powder in 2017, and crizanlizumab and voxelotor in November 2019 as additional treatment options for patients with SCD.[@CIT0013]--[@CIT0015] There are several ongoing gene therapy trials, none of which is approved for use yet. Therefore, the majority of patients have relied on limited available therapies to manage SCD and related complications over their lifetime.[@CIT0012]

Two systematic literature reviews (SLRs) were recently conducted among patients with SCD.[@CIT0016],[@CIT0017] One of these summarized the details of factors influencing hospital utilization while the second reported psychometric properties of various patient-reported outcome (PRO) instruments that may be suitable for use in future clinical trials of patients with SCD. Neither review reported on PRO results or costs associated with the disease or its treatment. While there are many studies evaluating the burden in SCD, to our knowledge, this is the first study synthesizing the literature to understand the key drivers of the burden. We conducted two separate SLRs to identify and synthesize the recent literature on the PRO results and economic burden of SCD among adults in the US. In addition, with the advent of novel/emerging therapies after more than two decades, it is important to identify areas of unmet need in SCD where these therapies may help mitigate the burden.

Patients and Methods {#S0002}
====================

Search Strategy {#S0002-S2001}
---------------

A systematic literature search of Embase, Embase In-process, MEDLINE, and MEDLINE In-Process was conducted for each of the topics of interest using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses[@CIT0018] (PRISMA) and Cochrane Collaboration[@CIT0019] guidelines. The searches were conducted in September 2018 and limited to studies of humans published in English between 1997 and 2018. No grey literature or conference proceedings were considered. A manual search of bibliographies of identified SLRs and/or meta-analyses was performed to identify any additional relevant studies. For details of the search strategy, see the [[S1](http://www.dovepress.com/get_supplementary_file.php?f=257340.docx)]{.ul} and [[S2 Tables](http://www.dovepress.com/get_supplementary_file.php?f=257340.docx)]{.ul}. A full review protocol is available upon request.

Study Selection and Data Extraction {#S0002-S2002}
-----------------------------------

The approach for identifying the evidence for both topics was similar; two independent reviewers completed study selection using pre-defined inclusion and exclusion criteria detailed in [[S3 Table](http://www.dovepress.com/get_supplementary_file.php?f=257340.docx)]{.ul}. The full-text screening consisted of a two-step approach where the latter step involved the application of additional selection criteria to prioritize the most relevant studies for the outcomes of interest. At the abstract and full-text screening, all records were reviewed by one researcher and 50% of records were validated by a second researcher. A third reviewer was consulted to resolve discrepancies. For each included study, data were extracted by one researcher into a pre-designed standardized data extraction template and validated for correctness and accuracy by a second researcher. Any discrepancies were resolved by a third reviewer. Studies published in multiple articles were extracted as one study. The following information was obtained from each study (where applicable): author, year of publication, patient characteristics, disease characteristics, population size, and study type. For the purpose of this review, we defined outcomes for PROs broadly to include HRQL, work productivity, and other function (e.g., coping strategy and pain) to understand the impact of SCD on patients' day-to-day lives and also society. Outcomes for economic burden included: HCRU, direct medical cost, and indirect non-medical costs. The risk of bias was not assessed using a formal tool; instead, aspects of quality for observational studies were taken into consideration during evidence synthesis (e.g., results from prospective studies were highlighted over retrospective studies).

Results {#S0003}
=======

Results are presented separately for each SLR; PRO results and economic burden. For each SLR, the comparability of studies was assessed whether their results could be synthesized quantitatively. However, the high degree of clinical and methodological heterogeneity observed in included studies for both SLRs precluded the ability to conduct direct meta-analyses; thus, the findings in the following sections are summarized qualitatively.

PRO Results of SCD in Adults {#S0003-S2001}
----------------------------

### Overview of Search Results {#S0003-S2001-S3001}

The electronic database search yielded 613 unique records for the title and abstract screening. Of these, 189 citations were considered relevant for full-text review. After the full-text screening, 11 publications (representing seven studies) met the eligibility criteria for the review of PROs. The PRISMA diagram is presented in [Figure 1](#F0001){ref-type="fig"}.Figure 1PRISMA flow diagram for Patient-Reported Outcomes.

The key characteristics of the seven studies[@CIT0006],[@CIT0020]-[@CIT0029] are presented in [Table 1](#T0001){ref-type="table"} and key results can be found in [Figure 2](#F0002){ref-type="fig"}. Six studies were cross-sectional[@CIT0020]--[@CIT0022],[@CIT0027]--[@CIT0029] and one was a prospective observational study (with four related publications).[@CIT0006],[@CIT0023]-[@CIT0026] Some studies reported multiple outcomes, with five studies evaluating patients' HRQL,[@CIT0020],[@CIT0022],[@CIT0023],[@CIT0027],[@CIT0028] four assessing depression and/or anxiety,[@CIT0022],[@CIT0023],[@CIT0028],[@CIT0029] two studies evaluating coping style, and one study each assessing sleep quality,[@CIT0029] pain, stress, social support, and social interaction.[@CIT0023] A description of the PRO instruments identified in this review is provided in [Table 2](#T0002){ref-type="table"}Table 1Primary Studies for the Patient-Reported Outcomes in Adults with SCDAuthor (Year)Study Design and SettingNAge (years) Mean (SD) MaleOutcomeMethods of ElicitationSummary of ResultsAdam (2010)[@CIT0020]Cross-sectional study at a hospital in NC185NR\
50%HRQLSF-36\^No significant difference in HRQL when the effect of sex and genotype was examinedWorse HRQL (mental and physical domains) for patients on opioids than those who were not, independent of hydroxyurea useBetter HRQL for patients who used only hydroxyurea or no medication compared to those on opioids (or combination of opioids and hydroxyurea)Ezenwa (2017)[@CIT0021]Cross-sectional study at an outpatient clinic in IL5234 (11)\
21%Coping strategyCSQ-SCD\^Significant difference in use of coping strategies for patients who experienced healthcare justice vs healthcare injustice during clinic visits for pain managementKarafin (2018)[@CIT0022]Cross-sectional study at a hospital in WI9930 (25--37)\*\
35%HRQL\
Somatic symptoms, Depression, AnxietySF-36\^ PHQ-15^¥^PHQ-9^¥^GAD-7 ^¥^Worse HRQL (mental and physical domains) for patients prescribed ≥90 MME opioid than those prescribed \<90 MME opioidSignificantly higher somatic symptom burden, depression, and anxiety for patients prescribed ≥90 MME opioid use than those prescribed \<90 MME opioidLevenson (2008);[@CIT0023] Levenson (2007);[@CIT0024] Smith (2008);[@CIT0006] Sogutlu (2011);[@CIT0025] Smith (2015)[@CIT0026]Prospective observational study at academic and community practices in VA23234.4 (11.4)\
38%HRQL\
Depression/anxiety, Pain, Coping styles, Stress, Social support, Social interactionSF-36\^\
PHQ^¥^\
CSQ\^\
Sickle cell stress^¥^\
MSPSS\^\
TENSE^¥^28% were depressed and 7% had any anxiety disorder; lower HRQL (all 8 subscales) for depressed SCD patients than those who were not depressedSignificantly more days in pain for depressed SCD patients than non-depressed SCD patients31% were alcohol abusers. While no significant difference found between alcohol users and non-users for all eight SF-36 items, alcohol users reported significantly higher PCS19% reported high somatic symptom burden. High somatic symptom burden significantly associated with depression, anxiety, and lower HRQLMajority of SCD patients who reported pain at home used opioids at home (86%); significant relationships found between opioid use and SCD stress, somatic symptom burden, negative coping, and HRQLMann-Jiles (2009)[@CIT0027]Cross-sectional study at an outpatient clinic in OH62NR\
40%HRQLQOLS\^Lower QoL score reported for adult SCD patients (83.6) than those of the general population (90)Treadwell (2015)[@CIT0028]Cross-sectional study at an urban comprehensive sickle cell center in CA7731.6 (13.1)40%HRQL\
Depression and AnxietySF-36\^\
PHQ-9^¥^\
GAD-7^¥^High prevalence of depression and anxiety (33% and 36%) found among adults with SCDLower HRQL (PCS and MCS) were significantly correlated with greater symptoms of depression and anxietyWallen (2014)[@CIT0029]Cross-sectional study at a National Institute of Health Clinical Center in MD32834 (27--46)\*49%Depression and Sleep qualityBDI-II^¥^\
PSQI^¥^High prevalence of sleep disturbance (71%) found among adults with SCD, while 21% had a score indicating depressionSleep disturbance and depression were positively correlatedPatients with sleep disturbances had more days of pain and more frequent severe acute painful events[^1][^2] Table 2Description of Patient-Reported Outcome InstrumentsInstrumentOutcomeDescriptionRangeInterpretationShort-form-36 (SF-36)HRQLMultidimensional HRQL instrument of 36-item tool dividing into 8 subscales of health status: consisting of four physical health scales (physical functioning, role limitations due to physical problems, bodily pain, and general health perceptions) and four mental health scales (vitality, social functioning, role limitations due to emotional problems, and mental health). These eight scales can be aggregated into two summary measures: PCS and MCS scoresEach scale is directly transformed into a 0--100 scale on the assumption that each question carries equal weightHigher scores represent a higher level of functioningCoping Strategies Questionnaire-Sickle Cell Disease (CSQ-SCD)Coping strategyAn 80-item questionnaire that measures the various ways patients with SCD cope with painThe adapted CSQ includes 80 items, rated on a 7-point Likert scale (0 = "never performed during pain" to 6 = "always performed during pain")Higher scores indicate greater use of the coping stylePatient Health Questionnaire-15(PHQ-15)Somatic symptomsA 15-item questionnaire that measures the somatic symptom burden regarding the 15 most common somatic symptoms (≤ 4 = normal, 5--9 = low, 10--14 = moderate, \> 14 = high)Total scores range from 0 to 30, with 15 representing the threshold for severe somatic symptomatic burdenHigher scores indicate greater somatic symptom burdenPatient Health Questionnaire-9 (PHQ-9)DepressionA 9-item survey that measures the frequency by which a subject experiences symptoms of depression (≤ 4 = low symptom burden, 5--9 = mild depression, 10--14 = moderate depression, \> 15 = moderately severe and severe depression)Total scores range from 0 to 27, with 20 representing the threshold for severe depressive symptomatic burdenHigher scores indicate greater depressive symptomGeneralized Anxiety Disorder (GAD-7)AnxietyA 7-item questionnaire that measures the severity of generalized anxiety disorder. It asks about symptoms including feeling nervous, anxious, or on edge over the past two weeks. Respondents indicate how difficult the symptoms make it for them to engage in daily activities from 0 ("not difficult at all") to 3 ("extremely difficult")Total scores range from 0 to 21. Cut-off points for total scores across the seven items of 5, 10, and 15 represent mild, moderate, and severe levels of anxiety symptoms, respectivelyHigher scores indicated greater anxiety symptomCoping Strategies Questionnaire (CSQ)Coping stylesOriginally developed to measure cognitive and behavioral coping styles in chronic low back pain, but was later revised for patients with SCD with the addition of new subscales for strategies particularly relevant to SCDThe adapted CSQ includes 80 items, rated on a 7-point Likert scale (0 = "never performed during pain" to 6 = "always performed during pain")Higher scores indicate greater use of the coping styleSickle cell stressStressA 10-item instrument developed to measure sickle cell-related stressNot reportedHigher scores indicate greater stressMultidimensional Scale of Perceived Social Support (MSPSS)Social supportA self-report measure to subjectively assess social support on three subscales: family, friends, and significant otherRespondents rate how they feel about statements related to social support on a 7-point Likert-like scale ranging from 1 ("very strongly disagree") to 7 ("very strongly agree")Higher scores indicate greater perceived social supportTest of Negative Social Exchange (TENSE)Social interactionA 45-item instrument measuring negative social exchangeParticipants rate how often people in their lives engage in a list of 45 behaviors, including hostility, rejection, conflict, ridicule, insensitivity, and criticism, over the past month on a scale of 0 ("not at all") to 4 ("about every day")Higher scores reflect greater perceived negative social exchanges.Burckhardt and Anderson's 16-item Self-report Quality of Life Scale (QOLS)HRQLA 16-item instrument measuring quality of life in the following five domains: material and physical well-being; relationships with other people; social, community, and civic activities; personal development and fulfillment; and recreationItems are scored on a 7-point Likert-type scale. Scores range from 16 to 112. Scores can be interpreted relative to the average QOLS score for a healthy population (90)Higher scores indicate a higher level of functioningBeck Depression Inventory II (BDI-II)DepressionA 21-item instrument measuring the presence and severity of depression in adultsIndividual items are rated on a 4-point intensity scale rather than on a frequency dimension. A rating of 3 indicates most severe intensity, while 0 indicates the absence of a problem. Cut-off scores for depression vary by study with scores between 14 and 17 indicating mild depression and scores ≥ 20 indicating severe depressionA higher score indicates greater depressionPittsburgh Sleep Quality Index (PSQI)Sleep quality19 self-rated questions and five questions rated by the partner. The 19 self-rated questions assess a wide variety of factors relating to sleep quality, sleep latency, duration, habitual sleep efficiency, sleep disturbances, use of sleep medications and daytime dysfunctionScore ranges from 0 to 21. A PSQI score of 6 or greater indicates some degree of sleep disturbanceA higher score indicates worse sleep quality[^3] Figure 2Patient-reported outcomes among adults with SCD.**Abbreviations:** BDI-II, Beck Depression Inventory II; CSQ, Coping Strategy Questionnaire; GAD, Generalized Anxiety Disorder; HRQL, health-related quality of life; MME, morphine milligram equivalents; PHQ, Patient Health Questionnaire; PSQI, Pittsburgh Sleep Quality Index; QOLS, Quality of Life Scale; SCD, sickle cell disease; SF-36, Short Form Health Survey.

### The Impact of SCD on HRQL {#S0003-S2001-S3002}

Five studies (four cross-sectional[@CIT0020],[@CIT0022],[@CIT0027],[@CIT0028] and one prospective observational[@CIT0023]) reported on HRQL in adult patients with SCD. HRQL was assessed by the 36-item Short-Form Survey (SF-36) in four studies[@CIT0020],[@CIT0022],[@CIT0023],[@CIT0028] while one study used the Burckhardt and Anderson's 16-item Self-report Quality of Life Scale (QOLS)[@CIT0027] ([Table 1](#T0001){ref-type="table"}). The overall HRQL for adult patients with SCD appeared to be poor. The mean SF-36 scores ranged from 33.6 to 59.0 for the physical component summary (PCS), and from 46.3 to 61.5 for the mental component summary (MCS), both summary scores were lower than the general population.[@CIT0020],[@CIT0022],[@CIT0023],[@CIT0028] Similarly, one cross-sectional study reported a mean QOLS score of 83.6 (SD: 13.2), indicating that patients had a lower quality of life than the general population (QOLS score of 90).[@CIT0027]

#### Factors Affecting HRQL {#S0003-S2001-S3002-S4001}

##### Patient and Disease Characteristics {#S0003-S2001-S3002-S4001-S5001}

The association between emotional distress and HRQL was evaluated in two separate analyses of the Pain in Sickle Cell Epidemiology Study (PiSCES). These analyses reported that lower HRQL (physical and mental) was significantly correlated with greater depression and/or anxiety symptoms (*p* \< 0.001) and SCD patients with high (as opposed to low) somatic symptom burden had significantly lower scores on all of the eight SF-36 subscale scores (*p* \< 0.001).[@CIT0023],[@CIT0025] However, there were no significant differences found in any of the SF-36 subscales between alcohol users and non-users. Alcohol users were defined as any of the following happening more than once in the last 6 months: drinking even though a physician suggesting stopping due to health problem; drinking, or being hungover while going to school, working, or taking care of children or other responsibilities; missing or being late for work, school, or other activities; having a problem getting along with other people while drinking; or driving a car while intoxicated. Surprisingly, alcohol users reported significantly higher PCS scores as compared to non-users (37.3 vs 34.2; *p* = 0.032).[@CIT0024] When the relationship between HRQL and sex and genotype was evaluated among SCD patients attending an outpatient clinic in North Carolina, there were no significant differences found in both the PCS and MCS scores between different SCD genotypes and gender.[@CIT0020]

##### Management Approach for SCD {#S0003-S2001-S3002-S4001-S5002}

One cross-sectional study evaluated HRQL in outpatient adults with SCD using either opioids, hydroxyurea, both, or neither.[@CIT0020] The study reported that SF-36 global, PCS, and MCS scores were significantly higher (*p* \< 0.05) in patients treated with either no medications (60.16, 59.01, and 61.30, respectively) or hydroxyurea alone (59.17, 56.85, and 61.48, respectively) compared to those treated with opioids only (45.56, 44.82, and 46.3, respectively) or with both opioids and hydroxyurea (48.54, 45.35, and 51.73, respectively). Patients treated with hydroxyurea alone reported significantly higher scores for all subscales compared with patients receiving opioids only (*p* \< 0.05), except the role-physical subscale, where HRQL was numerically higher, but not significantly (*p*-value not reported) different between the two groups of patients.

Three studies focused specifically on evaluating the association between opioid use and HRQL among adults with SCD.[@CIT0020],[@CIT0022],[@CIT0026] Similar to the results reported above,[@CIT0020] the PiSCES investigators reported that patients using opioids had significantly lower HRQL than patients not using opioids (mean PCS 33.6 vs 42.8; *p* \< 0.0001 and mean MCS 46.6 vs 51.4; *p* = 0.025).[@CIT0026] Furthermore, when the association between opioid dose and HRQL was evaluated, higher daily opioid dose was associated with significantly lower HRQL than lower daily opioid dose (median PCS 30 vs 35; *p* = 0.02 and median MCS 46 vs 54; *p* = 0.03).[@CIT0022]

### Other Patient-Reported Outcomes {#S0003-S2001-S3003}

Several studies identified in this SLR evaluated the impact of SCD on other PROs (eg, pain, depression, anxiety, and sleep disturbances) that were often described as common symptoms and comorbid conditions of adult patients with SCD. More specifically, three studies evaluated patient symptoms that were reported alongside HRQL including depression, anxiety, pain, and stress, as well as coping styles, and social support and interaction, and also the association between other humanistic outcomes and HRQL.[@CIT0022],[@CIT0023],[@CIT0028] Two studies assessed the impact of SCD on patient's coping strategy, depression, and sleep quality without reporting on HRQL.[@CIT0021],[@CIT0029]

#### Pain {#S0003-S2001-S3003-S4001}

The PiSCES study prospectively evaluated pain using daily diaries in adults with SCD.[@CIT0006],[@CIT0023]-[@CIT0026] The study reported that 54% of SCD patients had pain on more than half of total patient-days, confirming considerable levels of pain persist in a substantial proportion of patients with SCD.[@CIT0006] Furthermore, 29% of patients had pain every day (\>95% days), whereas only 14% had a pain-free daily life (≤5% days). When total diary days (n = 31,017) were categorized by pain severity (pain with healthcare visit, pain with crisis, pain without healthcare visit or crisis, and no pain), more than half of total patient-days were classified as either pain with healthcare visit, crisis, and pain without healthcare visit or crisis (4%, 13%, and 38% of total patient-days, respectively). Additionally, it was found that while patients with SCD frequently had pain, more than half of patients managed pain (including crises) at home or without healthcare utilization.

Depression and long-acting opioid use were found to be significantly associated with more proportional days in pain and higher frequent pain intensity, respectively.[@CIT0023],[@CIT0026] However, when the effect of depression on crisis pain was evaluated, depressed patients with SCD reported a similar proportion of days in crises than non-depressed patients with SCD (16.7% of days vs 14.7%; *p* = 0.57).[@CIT0023] Alcohol use or degree of somatic symptom burden did not have a significant impact on pain.[@CIT0024],[@CIT0025]

#### Depression and/or Anxiety {#S0003-S2001-S3003-S4002}

Four studies evaluated depression and/or anxiety.[@CIT0022],[@CIT0023],[@CIT0028],[@CIT0029] At least one in five adult patients with SCD (21--33%) seemed to have depressive symptoms as measured by the Patient Health Questionnaire (PHQ),[@CIT0023] PHQ-9,[@CIT0022],[@CIT0028] or the Beck Depression Inventory II (BDI-II). Studies measuring anxiety with the PHQ or Generalized Anxiety Disorder (GAD-7) reported that 7--36% of adult patients with SCD had symptoms of anxiety.[@CIT0022],[@CIT0023],[@CIT0028] Adult patients with SCD who used high doses of daily opioids, or who reported high somatic symptom burden and sleep disturbance were significantly more likely to have depressive and/or anxiety symptoms than those not using high-dose opioids or without high somatic symptom burden.[@CIT0022],[@CIT0025],[@CIT0029] Furthermore, depression and anxiety were correlated with pain.

#### Coping Strategies {#S0003-S2001-S3003-S4003}

Evidence from three studies showed that adult patients with SCD who used opioids or alcohol or who perceived healthcare injustice appeared to employ different pain coping strategies than those who did not, as measured using the Coping Strategy Questionnaire (CSQ) or the CSQ-SCD.[@CIT0021],[@CIT0024],[@CIT0026] The PiSCES study reported that there were no significant differences in the use of active or positive coping styles (*p* = 0.059 and *p* = 0.312, respectively) between opioid and non-opioid users. There were, however, significant differences in using negative coping styles, with more opioid users adopting this style compared to those who did not use opioids (*p* = 0.008). Patients who used alcohol were more likely to cope with SCD pain by diverting attention (*p* = 0.004), ignoring pain (*p* = 0.03), using anger self-statements (*p* = 0.006), calming self-statements (*p* = 0.007), or fear self-statements (*p* = 0.016) than those who did not.[@CIT0024] Patients who perceived healthcare injustice more frequently used catastrophizing (3.5 vs 2.5; *p* = 0.016) and isolation (3.9 vs 2.8; *p* = 0.028) as measured using the CSQ-SCD.[@CIT0021]

#### Sleep Disturbance, Stress, and Social Support and Interaction {#S0003-S2001-S3003-S4004}

The PiSCES study also evaluated a subgroup of patients who reported pain at home and found that the majority of patients (86%) used opioids for pain management.[@CIT0026] The study also evaluated the relationship between opioid use and psychosocial variables (ie, somatic symptoms, sickle cell stress, and social support and interaction). Adults with SCD who used opioids for pain relief reported significantly higher sickle cell-related stress (mean: 2.06 \[SD: 0.94\] vs 1.54 \[SD: 1.02\]; *p* = 0.005) and somatic symptom burden (mean: 7.37 \[SD: 3.70\] vs 5.87 \[SD: 4.24\]; *p* = 0.042) compared to those who did not. However, no significant difference was found for perceived social support (mean: 5.59 \[SD: 1.34\] vs 5.96 \[SD: 1.15\]; *p* = 0.144) and negative social interaction (mean: 0.98 vs 0.77; *p* = 0.078) between patients who used opioids and those who did not as measured by the Multidimensional Scale of Perceived Social Support and the Test of Negative Social Exchange, respectively.

Patients with SCD appear to suffer from poor sleep quality due to pain. One study reported the prevalence of sleep disturbance among adults with SCD as measured by the Pittsburgh Sleep Quality Index as 71%.[@CIT0029] The study found that poor sleep quality was significantly correlated with more days of pain (*p* = 0.003) and more frequent severe acute pain episodes required emergency room visits or hospitalizations (*p* \< 0.001).

Economic Burden of SCD in Adults {#S0003-S2002}
--------------------------------

### Overview of Search Results {#S0003-S2002-S3001}

The electronic database search yielded 586 unique records from the title and abstract screening, of which 141 citations were considered relevant for full-text review. After the full-text screening, 15 publications met the eligibility criteria for the economic burden review. The PRISMA diagram is presented in [Figure 3](#F0003){ref-type="fig"}.Figure 3PRISMA flow diagram for economic burden.

The key characteristics of 15 included studies are presented in [Table 3](#T0003){ref-type="table"}.[@CIT0030]--[@CIT0044] Five retrospective studies evaluated electronic medical records (EMRs)[@CIT0033]--[@CIT0035],[@CIT0038],[@CIT0042] and nine studies were retrospective database analyses.[@CIT0030]--[@CIT0032],[@CIT0036],[@CIT0037],[@CIT0039],[@CIT0040],[@CIT0043],[@CIT0044] One study used data from the Sickle Cell Data Collection Program, a registry collecting data from Georgia and California.[@CIT0041] Fourteen studies reported on HCRU,[@CIT0030],[@CIT0032]-[@CIT0044] while one reported direct medical costs.[@CIT0031]Table 3Primary Studies for the Economic Outcomes in Adults with SCDAuthor (Year)Study DesignRegionPopulationNAge (Years), Mean ± SD Male (%)Hydroxyurea UseEconomic Outcome(s) AssessedAllareddy (2014)[@CIT0030]Retrospective database analysisUSAdults with SCD hospitalized with ACS (ages \>21 years)24,699 hospitalizations33.2 (0.19)\
49NRLOSBlinder (2013)[@CIT0031]\*Retrospective database analysisFL, NJ, MO, KS, IAAdults with SCD (ages ≥18 years)NRNRMixed, proportion NRED visits; hospitalizations; outpatients visits; healthcare costsBrousseau (2010)[@CIT0032]\*Retrospective database analysisAZ, CA, FL, MA, MO, NY, SC, TNAdults with SCD (ages ≥18 years)13,256NRNRRate of SCD-related acute care utilization (treat-and-release ED visits and hospitalization) and rehospitalizationsCurtis (2015)[@CIT0033]Retrospective medical record study at a hospitalNYAdults with SCD(ages 18--87)432NR\
4638%ED visitsInoue (2016)[@CIT0034]\*Retrospective medical record study at a hospitalMIAdults with SCD (ages ≥18 years)2007--2008: 43.5^†^\
2011--2012: 36.5^†^\
2013: 38^†^NRNRED visits; ED admissionKoch\
(2015)[@CIT0035]Retrospective medical record study at a hospitalWIAdults with SCD(ages NR)11528 (16)^‡^34Mixed, proportion NRRate of ED/hospital admission; 30-day re-admissionLaurence (2013)[@CIT0036]Cross-sectional studyUSAdults with SCD (ages ≥18 years)Dental infection:1572 visits\
No dental infection:549,045 visits32.1 (0.6) and 31.9 (0.2)36.1 and 43.8NRAdmission during ED visitLeschke (2012)[@CIT0037]\*Retrospective database analysisWIAdults with SCD (ages \>19 years)222NRNRRehospitalizations (14 and 30 days)Molokie (2018)[@CIT0038]Retrospective medical record study at a hospitalILAdults with SCD (ages ≥18 years)14835.1 (11.9)35NRAdmission from ED and SCD acute care unit; LOSOgunbayo (2017)[@CIT0039]Retrospective database analysisUSAdults with AMI ± SCA (ages ≥18 years)SCD: 495\
Controls: 49547.21 (22)47.1NRLOSOkam (2014)[@CIT0040]Retrospective database analysisUSBlack adults with SCD (ages ≥18 years)1998: 54,4902008: 55,042NRNRSCD-related hospitalization rate; LOSPaulukonis(2017)[@CIT0041]\*Retrospective registry studyCAIndividuals with SCD\
(ages ≥20 years)3407NRNRProportion of individuals with at least 1 treat-and-release ED visit; mean annual ED visitTer-Minassian (2018)[@CIT0042]Retrospective medical record study at 2 SCD programsMDAdults with SCD (ages ≥21 years)45435 (21--75)^‡^4126%ED visits; Inpatient visit; Ambulatory visit; urgent care visit; hematology visitWolfson (2012)[@CIT0043]\*Retrospective database analysisCAAdults with SCD (ages ≥21 years)2087NRNRED visitsZhou (2018)[@CIT0044]\*Retrospective database analysisUSIndividuals with SCD related inpatient and acute encounters (ages ≥18 years)14,890NR21%30-day all-cause readmission; 30-day all-cause acute care encounters[^4][^5]

### The Impact of SCD on HCRU {#S0003-S2002-S3002}

Patients with SCD reported to use considerable healthcare resources, often driven by hospitalization. The SLR identified 10 studies that reported hospitalization and/or rehospitalization as an HCRU-related outcome ([Table 3](#T0003){ref-type="table"}).[@CIT0031],[@CIT0032],[@CIT0034]-[@CIT0038],[@CIT0040],[@CIT0042],[@CIT0044] Hospitalization and/or rehospitalization were defined as SCD-related visits in three studies,[@CIT0032],[@CIT0040],[@CIT0044] and pain-related due to SCD/VOC visits in two studies.[@CIT0034],[@CIT0038] Five studies did not report reason(s) for hospitalizations and/or rehospitalization.[@CIT0031],[@CIT0035]-[@CIT0037],[@CIT0042] The mean number of hospitalizations varied greatly from 0.5 to 27.9 per patient per year and the 30-day re-hospitalization rate ranged from 11.9% to 41.1%.[@CIT0032],[@CIT0035],[@CIT0037],[@CIT0042] Four studies reported hospitalizations either as the percent admitted from ED or acute care unit visits,[@CIT0034],[@CIT0038] the number of hospitalizations per 100,000 US population,[@CIT0040] or mean quarterly number of inpatient visits.[@CIT0031] The large variation in reporting of hospitalizations made it difficult to compare between studies, which are thus summarized qualitatively. No temporal association was observed for SCD-related hospitalizations and hospitalization rate.[@CIT0034],[@CIT0040]

The mean length of hospitalization in adults with SCD ranged from 5.6 to 9.3 days,[@CIT0030],[@CIT0038]-[@CIT0040] with a similar length of stay (LOS) reported for ED vs acute care unit (8.7 days vs 9.3 days; *p* = not reported).[@CIT0038] In addition, there was minimal change in average LOS between 1998 and 2008 (5.8 days vs 5.6 days; *p* = 0.29), in a study that evaluated hospitalization trends in the 11 years following FDA approval of hydroxyurea.[@CIT0040]

ED visits were reported as being either SCD-related or pain-related (due to SCD) in three studies;[@CIT0032],[@CIT0034],[@CIT0044] five studies did not report reasons for ED visits.[@CIT0031],[@CIT0033],[@CIT0041]-[@CIT0043] Adults with SCD were found to have varying rates of ED visits ranging from 0.3 to 3.5 per annum.[@CIT0032],[@CIT0041],[@CIT0042] Five studies reported ED visits either as the total number of ED visits over the study period, mean quarterly number of ED visits, or a proportion of patients with varying frequency of ED visits.[@CIT0031],[@CIT0033],[@CIT0034],[@CIT0043],[@CIT0044] Variations in reporting of the ED utilization limited the comparability of findings across these studies. One EMR study evaluated ED utilization in a NY hospital and reported that more than 50% of patients with SCD had two or more ED visits in one follow-up year and 22% of patients had six or more visits accounting for 77% of the total visits.[@CIT0033] Of note, when ED utilization pattern was evaluated for SCD patients who presented to ED with VOC pain over three time periods, no discernible pattern was found (2007--2008; 264.5 visits per year for 43.5 patients per year, 2011--2012; 448 visits per year for 36.5 patients per year, and January to December 2013; 382 visits per year for 38 patients per year).[@CIT0034]

### Potential Factors Affecting HCRU {#S0003-S2002-S3003}

#### Patient and Disease Characteristics {#S0003-S2002-S3003-S4001}

##### Age and Insurance {#S0003-S2002-S3003-S4001-S5001}

Across four studies identified in the economic SLR, HCRU was reported to be highest among younger adult patients with SCD. The first retrospective database study using the 2005 and 2006 HCUP data found that patients aged 18--30 years had the highest number of ED visits (1.59 per patient per year) compared to older age groups (0.33 to 1.29 per patient per year),[@CIT0032] with the second retrospective database study also reporting highest utilization among patients aged 21--30 years (7.5 ED visits per patient) compared to patients aged 31 years or older (4.6 to 6.7 visits per patient).[@CIT0043] Using data over a 10-year time period (2005--2014), the third registry study confirmed that the rate of ED visits was highest among young adults in their 30s, ranging from 0.5 to 3.4 mean annual ED visits.[@CIT0041] The hospitalization and re-hospitalization rate was also the highest for patients aged 18--30 years compared to other older age groups (2.02 vs 0.72 to 1.65 per patient year and 41.1% vs 11.9% to 38.8%, respectively).[@CIT0032]

When the association of age, sex, insurance, genotype and HCRU was evaluated using regression analysis performed by study authors, older age was associated with decreased HCRU (ED, inpatient, urgent care visits; *p* \< 0.001, *p* \< 0.001, and *p* \< 0.003). The study also found that SCD patients on public insurance had significantly higher ED visits (incidence rate ratio \[IRR\] = 3.79 \[2.45--5.85\], *p* \< 0.001), higher inpatient visits (IRR = 2.62 \[1.71--4.03\], *p* \< 0.001), and higher urgent care visits (IRR = 2.44 \[1.64--3.63\], *p* \< 0.001) than SCD patients on commercial insurance.[@CIT0042]

##### Comorbidities and Complications of SCD {#S0003-S2002-S3003-S4001-S5002}

A cross-sectional study of EDs across the US found that upon presentation to an ED, SCD patients with a diagnosis of dental infections were significantly more likely to be admitted to hospital than were those without dental infections (prevalence ratio: 1.65 \[95% CI: 1.51--1.80\]; *p* \< 0.001).[@CIT0036] When stratified by VOC status, among patients with a VOC diagnosis, patients with dental infection were more likely to be admitted to the hospital than those with no dental infection (prevalence ratio: 1.72 \[95% CI: 1.58--1.87\]; *p* \< 0.001). However, no significant association was found among patients without a VOC diagnosis.

SCD-related complications, such as ACS, may be associated with increased HCRU. One retrospective database analysis of SCD adults hospitalized with ACS reported that the mean LOS was 7.8 days (SE: 0.13).[@CIT0030] Younger age, being female, having used mechanical ventilation for 96 or more consecutive hours and not been admitted as an emergent case in the hospital were all independently significantly associated with longer hospital stay (*p* \< 0.001).

#### Management Approach for SCD {#S0003-S2002-S3003-S4002}

##### Hydroxyurea {#S0003-S2002-S3003-S4002-S5001}

There is conflicting evidence on the use of hydroxyurea and HCRU reported by three identified studies showing inconsistent results.[@CIT0033],[@CIT0035],[@CIT0044] One EMR study of adults with SCD observed a significant positive relationship between the number of ED visits and hydroxyurea use: 23.0% of patients with 0--1 ED visits used hydroxyurea, 40.3% of patients with 2--5 visits used hydroxyurea, and 65.3% of patients with six or more ED visits used hydroxyurea (*p* \< 0.001),[@CIT0033] while the second retrospective database study found that hydroxyurea use was associated with lower 30-day all-cause readmission among adults treated with either ≥1 g or 0.5--1 g compared to adults treated with \<0.5 g (OR = 0.72 \[95% CI 0.52--0.99\]; *p* = 0.045 and OR = 0.73 \[95% CI 0.57--0.93\]; *p* = 0.012, respectively).[@CIT0044] Of note, in the first study, the average first dose (mg/kg) did not significantly differ between the three groups (16.6, 17.8, 19.7 in the 0--1, 2--5 and ≥6 groups, respectively; *p* = 0.40). The third study found ED/hospital admissions and 30-day readmission significantly decreased after the introduction of the intensive management strategy (ie, the introduction of hydroxyurea, prophylactic transfusion therapy for the prevention of VOC, pain management, and referrals for subspecialty care) in a subset of patients with 12 or more visits (27.9 to 13.5 per patient-year, *p* \< 0.001 and 13.5 to 1.8 per patient-year, *p* \< 0.001).[@CIT0035] However, the reduction in ED/hospital admission was not demonstrated in the entire cohort (7.1 to 6.1 per patient-year, *p* = 0.84).

##### Iron Chelation Therapies {#S0003-S2002-S3003-S4002-S5002}

One retrospective database analysis using Medicaid claims data from five states reported the differences in HCRU between patients receiving iron chelation therapies and those not receiving such therapy.[@CIT0031] Among chronically transfused patients (defined as ≥10 transfusions), receiving iron chelation therapies was associated with significantly lower ED visits (2.09 vs 3.06; *p* = 0.007) and number of hospitalized days (3.37 vs 6.13; *p* \< 0.001) per quarter than patients who did not receive iron chelation therapies. However, no significant differences were found in the mean number of outpatient days per quarter (4.24 vs 4.29; *p* = 0.898).

##### Dedicated SCD Treatment Settings {#S0003-S2002-S3003-S4002-S5003}

One retrospective study, which analyzed EMRs of adults with SCD experiencing acute pain episodes in Illinois between two settings (ED vs acute care unit for SCD), reported that there were differences in hospital admission but not for LOS.[@CIT0038] Of ED visits, 70% were admitted to the hospital as compared to 37% of the SCD acute care unit visits resulting in hospital admissions. The study authors noted the main difference between the two settings was hourly opioid dose, with SCD acute care unit more consistently applying higher opioid dose for VOC in line with the published guideline.

### Medical Costs {#S0003-S2002-S3004}

Medical costs were only reported in one retrospective database analysis among patients receiving iron chelation therapy and those who did not.[@CIT0031] Among chronically transfused patients (defined as ≥10 transfusions), receiving iron chelation therapy was associated with significantly higher pharmacy costs but lower inpatient and ED costs than those without (\$3096 vs \$1540 *p* \< 0.001; \$6438 vs \$9719; *p* = 0.002 and \$233 vs \$592; *p* = 0.002, respectively), leading to similar total costs (\$14,511 vs \$12,966; *p* = 0.249).

Discussion {#S0004}
==========

The aim of the present systematic evidence synthesis was to identify and report on the economic burden and disease burden captured by PROs among adults with SCD in the US. Overall, the findings of the identified studies consistently demonstrated that the disease burden for adults with SCD is high, including impaired HRQL, more depressive and/or anxiety symptoms, and poor sleep quality. Similarly, our findings confirmed that SCD imposes a substantial HCRU impact on patients and healthcare systems.

Acute VOC is a key characteristic of SCD and is often unpredictable and extremely painful. Unsurprisingly, there is a high prevalence of adults reporting depressive symptoms and/or anxiety, seen in 21--33% and 7--36% of patients.[@CIT0022],[@CIT0023],[@CIT0028],[@CIT0029] The rate is considerably higher than what is reported for the general US population: 6.7% for depression and 3.1% for generalized anxiety disorder. The presence of depression and/or anxiety can impose significant disease burden and ultimately lead to poor HRQL. Our findings suggested that opioid use was associated with worse HRQL than non-opioid use, meaning it may not provide adequate relief for adults.[@CIT0020],[@CIT0026] In addition, the daily use of high-dose opioids was associated with significantly higher somatic symptom burden, depression, anxiety, and lower HRQL.[@CIT0022] However, due to the cross-sectional nature of the study design, a causal relationship could not be established between worse HRQL, depression, and anxiety and the use of higher opioid use or chronic pain as experienced by these patients. As pain control, specifically opioid use, for adults remains a key outcome of treatment, the question remains unanswered on how to best mitigate the disease burden of patients with SCD with acute or chronic pain.

While the efficacy of hydroxyurea has been well demonstrated in randomized controlled trials, its impact on general well-being in the real world is not well understood, with one study reporting a positive impact on social functioning, pain, and general health perception in a subset of patients with moderate-to-severe disease.[@CIT0045] Based on one cross-sectional study, the limited evidence from our findings indicated that patients given hydroxyurea experienced improved HRQL when compared to those given opioids, but showed comparable HRQL to patients on neither treatment.[@CIT0020]

For the economic burden, three studies evaluated the impact of hydroxyurea among adults with SCD.[@CIT0033],[@CIT0035],[@CIT0044] The present systematic evidence synthesis identified conflicting evidence on the impact of hydroxyurea on HCRU. For example, one retrospective study found that there was a significant positive relationship between the number of ED visits and hydroxyurea use.[@CIT0033] However, as the authors noted, due to the cross-sectional study design, it is not clear whether ED visits would have been higher if the patients were not being treated with hydroxyurea. The two other studies demonstrated the benefit of using hydroxyurea and adherence to hydroxyurea in reducing the rate of ED, hospital admission, and 30-day readmission.[@CIT0035],[@CIT0044] Though the volume of literature on hydroxyurea use among adults with SCD was sparse, findings indicated considerable ED utilization among hydroxyurea users, and gaps remained in providing treatment options that prevent acute complications that lead to HCRU. Of note, the finding supported the use of hydroxyurea for adults with SCD in line with the National Heart, Lung, and Blood Institute guideline and underscored the importance of adherence and proper dosing.[@CIT0012]

Most of the identified economic studies focused on HCRU, while only one reported on healthcare costs. Adults with SCD were found to have varying rates of ED utilization (0.3--3.5 annual ED visits), hospitalizations (0.5--27.9 hospitalizations per patient per year), and/or readmission (12--41%). The economic burden of SCD varied based on numerous factors. Some subgroups such as young adults in their 20s and 30s, those with dental infection, and those with ACS were identified as having higher rates of healthcare utilization similar to what was previously reported.[@CIT0016],[@CIT0046] Conversely, evidence was found that SCD acute care units reduce admission rates, though LOS was similar regardless of whether patients were first treated in SCD acute care units or EDs.[@CIT0038] Additionally, intensive management strategy consisting of SCD interventions, pain management, and referrals for subspecialty care were found to reduce the ED, hospital admission, and 30-day readmission rates.[@CIT0035]

An obvious data gap related to the impact of SCD was academic or work performance and costs (both direct and indirect), which can help quantify the full economic burden of SCD. Ballas provided a helpful perspective on the cost of healthcare for patients with SCD based on studies published in the 1990s and 2000s.[@CIT0047] In this paper, the author estimated the average annual costs for the healthcare of an adult in Pennsylvania would be \$231,050 in 2009. In the same year, another paper by Kauf et al reported that the average lifetime cost of care would be \$460,151 per patient with SCD, much lower than the estimation by Ballas.[@CIT0048] A recent cohort simulation modeling study by Lubeck et al (published outside of the time span of our SLR) evaluated the association between SCD and lifetime income and found a lost income of \$695,000 for an individual with SCD compared to a matched individual without SCD.[@CIT0049] Considering the variability of evaluated outcomes across the above-mentioned studies and that most cost data are now outdated, future studies should be designed to estimate both direct and indirect costs and evaluate the cost of treating SCD-related complications in light of recent approved treatments. Since SCD is associated with significant morbidity and can directly affect work productivity, evaluating the size of income loss and recent direct costs associated with SCD would better quantify the economic burden from a societal perspective.[@CIT0050] In addition, such data can be useful as input for evaluating the cost-effectiveness of new or emerging therapies and allocate appropriate resources for patients with SCD.

Strengths and Limitations {#S0004-S2001}
-------------------------

To the best of our knowledge, this is the first systematic evidence synthesis that provides a comprehensive view of the overall disease burden of SCD from an economic and psychosocial perspective in the US. In addition, the review provides the most recent and relevant literature pertaining to the PROs and economic burden of adults with SCD since 2007. Our study has several limitations. First, like all systematic evidence syntheses, it is limited by publication bias. For example, studies that identified a significant burden of the disease are more likely to be published. Second, included articles were limited to the English language, were restricted to a US population and only included articles published since 2007. This was done to ensure that the most relevant articles were included as clinical practice may vary over time, but external validity may be limited outside the US. Third, included studies were observational in nature; thus, causality could not be identified, a limitation not uncommon in systematic reviews. In addition, most studies were retrospective and did not account for the risk of confounding bias. For example, varying degrees of disease severity and transfusion status may have influenced reported outcomes. Differences in included studies in how data were collected and summarized and how outcomes (eg, hospitalizations) were reported precluded us from conducting a meta-analysis. Fourth, there were limitations inherent to observational studies (eg, database analysis, EMR study), including errors of omission and commission, lack of/sparse information on patient characteristics (including disease severity), unobserved confounders, and treatment adherence. Finally, the review considered studies that included adults defined by study authors, and one study included patients aged 16 and older.

Conclusion {#S0005}
==========

From 2007 to 2018, disease burden measured by PROs and economic burden of SCD in adults in the US was substantial despite the availability of approved treatments for the disease. The use of hydroxyurea, optimal management of opioids, and employing intensive treatment strategies may help limit the overall burden to patients and the healthcare system in the US. Published data on direct and indirect cost are limited and highlight the need for more economic studies to characterize the full burden of the disease.
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[^1]: **Notes:** Where significant is mentioned, it indicates statistical significance at the 5% level. Details about the identified PRO instruments can be found in [**Table 2**](#T0002){ref-type="table"}. \^ Higher scores indicate positive outcomes (such as greater functioning) or higher frequency of using particular pain-coping strategy. ^¥^ Higher scores indicate negative outcomes (such as greater pain, more somatic or depression symptoms). \* Reported as median age (IQR)

[^2]: **Abbreviations:** BDI-II, Beck Depression Inventory II; CA, California; CSQ, Coping Strategy Questionnaire; GAD, generalized anxiety disorder; HRQL, health-related quality of life; IL, Illinois; MCS, mental component summary; MD, Maryland; MSPSS, Multidimensional Scale of Perceived Social Support; MME, morphine milligram equivalents; NC, North Carolina; NR, not reported; OH, Ohio; PCS, physical component summary; PHQ, Patient Health Questionnaire; PSQI, Pittsburgh Sleep Quality Index; QoL, quality of life; QOLS, Quality of Life Scale; SCD, sickle cell disease; SD, standard deviation; SF-36, Short Form Health Survey; TENSE, Test of Negative Social Exchange; VA, Virginia; WI, Wisconsin.

[^3]: **Abbreviations:** BDI-II, Beck Depression Inventory II; CSQ, Coping Strategy Questionnaire; GAD, generalized anxiety disorder; HRQL, health-related quality of life; MCS, mental component summary; MSPSS, Multidimensional Scale of Perceived Social Support; PCS, physical component summary; PHQ, Patient Health Questionnaire; PSQI, Pittsburgh Sleep Quality Index; QoL, quality of life; QOLS, Quality of Life Scale; SCD, sickle cell disease; SF-36, Short Form Health Survey; TENSE, Test of Negative Social Exchange.

[^4]: **Notes:** \*Study included both pediatric and adult populations and reported results separately for each cohort. Only adult data are presented in the table. ^†^ Reported as patients per year. ^‡^ Reported as median age (IQR)

[^5]: **Abbreviations:** ACS, acute chest syndrome; AMI, acute myocardial infarction; AZ, Arizona; LOS, lengths of stay; CA, California; ED, emergency department; FL, Florida; IA, Iowa; IL, Illinois; KS, Kansas; MA, Massachusetts; MD, Maryland; MI, Michigan; MO, Missouri; NA, not applicable; NJ, New Jersey; NR, not reported; NY, New York; SC, South Carolina; SCA, sickle cell anemia; SCD, sickle cell disease; SD, standard deviation; TN, Tennessee; US, United States; WI, Wisconsin.
